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Atmospheric Electricity in High Latitudes, 
By George C. Simpson, B.Sc. 

(Communicated by Arthur Schuster, F.RS. Eeceived February 17, — 

Read March 2, 1905.) 

(Abstract.) 

The recent work of Elster and Geitel, Ebert and others, has added three 
new factors to the data for the study of atmospheric electricity, namely : — 
The rate at which the permanent charge on the surface of the earth is being 
dissipated into the atmosphere, the state of ionization of the air, and the 
amount of radio-active emanation in the lower regions of the atmosphere. 
These three factors have been carefully studied in the temperate zone. With 
the idea of extending our knowledge of them into the Arctic regions, I was 
granted permission by the Commissioners of the 1851 Exhibition Scholarship 
to undertake a year's work in the Lapp village of Karasjok (69° 17' N". ; 25" 
35' E. ; 129 metres above sea level, and about 200 miles south of the North 
Cape). The work undertaken consisted of the following : — 

1. By means of a Benndorf self -registering electrometer to obtain daily 
curves of the potential gradient, and from these to calculate the yearly and 
daily variation. 

2. To make systematic observations of the dissipation by means of Elster 
and GeiteFs instrument. 

3. To make corresponding measurements of the ionization with Ebert's 
apparatus. 

4. To measure the amount of radio-active emanation in the atmosphere. 

5. To investigate, as far as possible, the influence of the aurora on the 
electrical conditions of the atmosphere. 

The chief results obtained are, shortly, as shown in Table I (p. 161). 

In the table the following units are used : — 

The Potential Gradient is expressed in volts /metres as observed over a level 
plain. 

The Dissipation is expressed as the percentage of charge lost by a charged 
body in one minute when freely exposed to the air. The dissipation of a 
positive charge is represented by a^, and that of a negative by a_, the ratio 
ci_la^ being written q. 

The Ionization is given in terms of the number of electro-static units of 
free ions, of one sign, in a cubic metre of air. The symbol 1+ is used to 
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represent the positive ionization, !_. the negative ionization, and r the 
ratio !+/!_. 

It will be seen that the yearly course of the potential gradient in Karasjok 
is in accordance with the general rule for the Northern Hemisphere : rising 
rapidly from October to February, when it reaches a maximum, then falling 

Table 1. — ^Yearly Variations. 



Months. 



Potential 

gradient, 

volts/metres. 



Dissipation. 



a 



+• 



a. 



i- 



Ionization. 



I„. 



X I » 



r. 



October 

November .. 
December ... 

January 

February . . . 

March 

April 

May 

June 

July 

^^g^^\ 

September . . . 



121 

167 

175 

199 

209 

191 

131 

103 

90 

98 

93 

93 



3 

2 
1 
1 
2 
3 
4 
4 
5 
4 
4 



13 

98 
37 
79 
78 
41 
24 
25 

28 



2 
3 
2 
2 
1 
3 
4 
4 
4 
5 
4 
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65 
43 
53 
33 

47 
74 
38 
76 
68 
97 
94 
89 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



20 
07 
19 
18 
08 
34 
16 
08 
10 
13 
14 
14 
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25 
28 
25 
20 
28 
31 
35 
37 
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45 
42 


















40 
35 
39 
26 
24 
32 
38 
40 
41 
46 
51 
46 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



•18 
•40 
•39 
•04 
•20 
•14 

•18 
•09 
•10 
•13 
•08 



more rapidly until the end of May, after which it remains constant until the 
winter sets in again during October. 

The course of the dissipation is exactly opposite to that of the potential 
gradient, the curve representing the two being almost mirror images of one 
another. The yearly course of the ionization consists of a nearly linear six 
months' fall, from the beginning of September to the end of February, followed 
by a similar six months' rise, from March to the end of August. 



Daily Variations, 

The daily course of the potential gradient for the whole year consists of a 
single period having a minimum about 5 A.M., and a maximum about 9 p.m. 

Observations of the dissipation and ionization were made three times a day : 
morning from 8 to 9 a.m.; midday from 12 to 1 ; evening from 6 to 7 p.m. 
From the observations, the following facts as to the daily variation can be 
found. 

Dissipation, — During the winter and spring the morning observations 
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show a slightly higher dissipation than the midday, while, on the contrary, 
during the summer and autumn, the midday values are the higher. For the 
whole year the dissipation is slightly higher at midday than earlier in the 
morning, while the evening observations show the lowest dissipation of the 
three. The value of the ratio r for nine months shows a daily period, being 
lower at midday than at either the morning or evening observations. 

Table II. — Daily Course of the Potential Gradient. 



12 to 1 

1 » 2 

2 „ 3 

3 „ 4 

4 „ 5 

5 „ 6 



A.M. 


i 

P.M. 


115 


147 \ 


102 


151 


92 


151 


87 


152 1 


84 


153 1 


95 


165 \ 

1 



6 to 

7 



8 

9 

10 

11 



7 

8 

9 

10 

11 

12 



A.M. 


P.M. 


113 


180 


121 


189 


131 


194 


140 


185 


138 


169 


144 


142 



Ionization. — The daily period of the ionization is not so pronounced as 
that of the dissipation ; but the ionization is slightly lower in the evening 
than in the morning or at midday during the whole year. There is practi- 
cally no difference between the midday and morning ionization. The daily 
period of the ratio ^ is a steady rise from the morning to the evening ; in this 
respect the ionization does not correspond with the dissipation. 

Interrelation of the Ionization, Dissipation, and Potential Gradient. 

Both the dissipation and ionization greatly influence the potential gradient. 
Low values of ionization and dissipation are accompanied by high values of 
the potential gradient, and vice versd. 

As the potential gradient rises both the ratios ^ and r become greater. 

For any given wind strength, the observations show that the dissipation, 
as measured by Elster and GeiteFs instrument, is a linear function of the 
ionization. 

Relation hetiveen the Meteorological and Electrical Condition of the 

Atmosphere. 

Wind, — As is to be expected, the dissipation increases greatly with the 

wind strength. The ratio q shows a steady decrease as the wind strength 
increases. 

Temperature.- — Both the ionization and dissipation becom,e much less as 
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the temperature goes down. With temperatures between 10^ and 15° C, 
the dissipation is 4*95 per cent, and the ionization 0*44 ; while with tempera- 
ture below —20° C, these become 0*83 per cent, and 0*17 respectively. As is 
to be expected from the relation already described between potential gradient, 
dissipation, and ionization, the potential gradient increases as the temperature 
falls. 

Relative Humidity. — With rising relative humidity, the dissipation falls 
rapidly, and the ratio of negative to positive dissipation {q) increases. When 
the whole year is taken into account, the same result is found for the 
ionization; but for the winter and summer six months, taken separately, 
the effect of the humidity of the air on the ionization is not apparent. 

The Aurora and the Electrical Conditions of the Atmosphere, 

No relation whatever could be detected between the aurora and the 
electrical conditions of the atmosphere. The most careful watching of the 
electrometer needle revealed no variation of the potential gradient with 
variations of the aurora. 

Radio- Activity, 

Measurements of the radio-activity were made by Elster and GeiteFs 
method,* and their arbitrary unit used in expressing the results. Obser- 
vations were made at four different times of the day — viz., from 3 to 5 A.M., 
from 10 to 12 A.M., from 3 to 5 p.m., and from 8.30 to 10.30 p.m. During 
the year 420 observations were made in Karasjok and 78 in Hammerfest. 

A most distinct yearly course of the radio-activity was found, the maximum 
falling in mid- winter and the minimum in mid-summer. 



Table III.- 


-Yearly 


Course of the Eadio -activity. 




Nov. and 






May and July and 




Dec. 


Feb. 


Apr. 


June. Aug. 


Sept. 


A, mean ... 129 


127 


55 


47 80 


123 


A, max. . . . 432 


366 


210 


204 270 


390 



The radio-activity has also a very pronounced daily course, the maximum 
falling in the early hours of the morning and the minimum about midday. 

Table IV. — Daily Course of the Eadio-activity. 

Early morning, Morning, Afternoon, Evening, 

3 to 5 A.M. 10 to 12 A.M. 3 to 5 A.M. 8.30 to 10.30. 
A, mean 162 58 62 92 

* ' Phys. Zeit./ vol. 4, p. 526, 1903. 
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There is a distinct connection between the radio-activity and the meteoro- 
logical condition of the atmosphere. 

The radio-activity increases as the temperature falls, rises as the relative 
humidity rises, decreases with increasing wind strength, and is greater with 
a falling than a rising barometer. All these facts support Elster and Geitel's 
theory that the source of the radio-active emanation in the atmosphere is 
the soil of the ground. Those meteorological conditions which prevent the 
air immediately above the ground from ascending tend to increase the radio- 
activity ; on the contrary, all those conditions which cause a rapid circulation 
of the air greatly reduce the radio-activity when measured in the lower 
atmosphere. 

As stated above, measurements of the radio-activity were also made in 
Hammerfest. The observations extended over four weeks. The mean values 
were found to be considerably lower than at Karasjok. The most important 
result of the Hammerfest measurements was the great difference in the radio- 
activity of the air from the sea and that from the land, as shown in the 
following table : — 

Table V. — Eadio-activity and Wind Direction in Hammerfest. 

North. South. West. 

A, mean 8 72 4 

A, max 20 250 10 



